Abstract: A hole spin trapped in a quantum dot is a potential qubit. We demonstrate near unit fidelity initialization of a single hole spin in a InGaAs/GaAs Quantum dot.
Recently there has been much interest in the use of single carrier spins trapped in semiconductor quantum dots as logical qubits owing to the prospect of long coherence times [1] and ps optical control [2] . Previously we demonstrated a scheme for initialisation, control and readout of a single hole spin in an InGaAs/GaAs quantum dot using a photocurrent detection technique [3] . Here we demonstrate that high fidelity spin preparation (in excess of 99%) is achieved on a ps timescale by applying a Faraday geometry magnetic field [4] . We use a single hole spin, as opposed to an electron spin, with the possibility of improved dephasing due to the suppression of the contact hyperfine interaction [5] .
In the experiments, the quantum dots are embedded in the intrinsic region of an n-i-Schottky diode, a shadow mask is used to isolate individual dots and picosecond laser pulses are resonant with exciton transitions. Absorption of the laser pulse is detected as a change in photocurrent through the device. For the spin preparation, a circularly polarised pulse is resonant with the ground state to neutral exciton transition and prepares a spin polarized electron hole pair. This is followed by fast electron tunnelling under the applied bias voltage, to leave a spin polarized hole. A second cross/co-circularly polarized pulse resonant with the positive trion probes the spin. Absorption of this second pulse is conditional on the spin state of the hole, due to Pauli blocking. At zero magnetic field, the purity of spin initialization is limited by dephasing due to the fine structure splitting. By applying a large B-field, we can excite a pure exciton spin state suppressing the effect of mixing due to the fine structure splitting and hence achieve a fidelity in excess of 99%. Figure 1 shows the measured hole spin preparation fidelity as a function of magnetic field. We investigate the mechanism of the magnetic field dependent spin preparation and demonstrate that a competition between the electron tunnelling rate out of the dot and the exciton fine structure beat limits the fidelity at low magnetic fields ~ (0≤B<1T). This is supported by voltage dependent studies, where an increased fidelity is obtained with a higher electron tunnelling rate and hence less time for the exciton spin to rotate due to the fine structure splitting (Figure 2 ). At higher fields the magnetic field splitting is dominant leading to pure spin states, with the result that very high fidelities >99% are achieved [4] . For faster electron tunneling, the exciton spin has less time to rotate due to the fine structure splitting, this leads to an increase in fidelity with applied bias. The solid red line is a fit to rate equation model and agrees well with the experimental data.
